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MECHANIZING THE MANUFACTURE OF STANDARD MASTER CAMS (F
COMPLEX CONTOUR FOR MULTI-CUTTER DUPLICATING IATHES
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The most widely used types of equipme_‘ﬁt‘foz: machining complex-contoured: cam-

“h

B. A. Shehukarev
laureate of Stalin Prize

shaft cams and crankshaft Journals for airplane, autcmobile and tractor engiues

is the multi-cutter duplicating lathe.

In output und precision 1t satisfies the

demapds of mass production by making 1t possible to machine all the cams and
Journals simmltaneocusly.
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A speclal feature of the machine ig the complsx movement of the cutters dur-
ing production: in addition to & forward motion in an axial directiom and a back-
and-forth motion in a radial direction, the cutter also executes an f)e‘a{.lhto'ry )
motion in the vertical plame, the purpose of which is to pregerve an. emt or.ap-
proximaie uniformity in the cutting angle of the .,utter, therdby assu-ing.clsan-
cut production. .

In all machines for this purpose tha complex movement mentloned 1s ob'éuinad
through the simultaneous action of two master cems on a system camposed of” a'rest
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Ae shown in Figure 1a, the mechanism comsists of a guide (1) fastened to the
bed of the carriage, a rest (2) with a roller (3) vhich moves along the guide and
16 pressen against the master cam (I) by a spring (4). An oscillating tool hdjder

The action of the spring (8) and the cutting force press this roller\against
the master cam (II). The shafts on which the master cams are fitted are cownected
by & gear trensmission to the spindle of the machine and rotate with the -same
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(6) with a roller (7) 1s held in a groove of the rest at axis (5). .
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number of revelutions as the mpindle. Due to the actiom of the master cam
(I), the rest with the ool holder executes a back and forth motiom lm a
dopisteital plane, while from the other cam the cutter . nolder gets a rocking
motion aroumd axis (5) im the vertical pleme. As a rusult of the Joint
actlom of the two madter cams, the cutter fixed i the tool holder traces
the required outlime of the part im the plame. Because of the lemgthwise
motiom of this mechanism relative to the machiméd™article, the comtows

c&r be machlmsy to smy lemgth desired.

The rorking motias of the cutter: ‘holders in Figure 1b are trans-
mitted by meaws of amother arramgemeat of the shafis carrying the master cams,
somowhat differemt, but, ia priwciplz, with the same cutter. motion.

Until now the designing axd memufacture of msster cams have preserted
great G.rfioulties. The coastructiom of profiles (I) amd (II) 13 am extremely
tedious operatiom, demamding the greatest attemtion amd precisiom; 1t mumt L

be carried out om a fime radial grid on a magaified ecale. The polmts ) S gt 8
obtained 2re commected by selected arc. of circles. This first spproximatiom SR
introduces imevitable devia’lcwe, amd the subsequent reductiom of the comtours

10 the matural aize im the tracing on metal causes additiomal distortioms.

The productiom im metal of stamdards for similar msster cams, from
vhick & met of workimg cams are them produced, emtails the operatioms
described beliow.

By meams of a gauge system, standarde 10 millime'ers thick are prepared
point by poimt (po tochkam). Two standards, produced im this fashiom, serve
as models, amd by duplicatimg them om a relieving lathe the so-called "master-
cams” ara prepared. Befors heat treatment, the master cams are mounted om
a machine for profile checking and fimishing.

This operatiom comsumes a great deal of time. Its completiom requires an
expert gauge maker with a thorough grasp of the kinematice of the mechanism
and lmowlndge of the influemce of each element im the profiles of the master
cams om the results of the fimal product.

In organizimg the productiom of duplicating lathes at the "Krasnyy proletarty”
Plant and while workimg out the techmological productiom of "master duplicators,”
the author tried to achieve the greatest poseible mecharizatiom of the labor-
comsuming processes deacribed amd fimally worked out a method for producing
master duplicators with great precisiom, accordimg to the kmown coordinates of
the cemters of elememtal arce formimg the profile of the part. Thus, he
completely elimimated these labor-comsumimg deaigm operatiome with their
inevitable défects, and also mamual geuge work in the fimishimg process.

The theoret cal basis far this method and the design of the machine ars
treated im this article.

All the sbove kizematic machine systems keep the amgle of the cutting edge
comstant for amy poi»t om the circumferemce, if the cutter im its movement
alomg the part is always located im the same plame, e.g., ~lamped so that the
upper edge of the cutter alvays remaims in plane X--X, passing through the
axis of the article as showa im Tigure 3a. Im other wards, the cutting edye
of the tool at any cuttimg point must form a comstant angle with the radius
of the curveture.

Lot us mov axauine the case whers the axis O, (Figure 3b) of a rotating body
being machined does mot coimcide with the axis of rotatiocm 0 in a lathe with
am oscillatiig cutter holder. Let us determime, by plottiamg, the positiom of
the cutter for various points of the profile om comditiom that the cuttiag
angle of the cutter is Eept comstamt, 1.e., the amgle formed by the cutting
edge and the radius 8f the profile curvature at each of its pointr. -
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: “'¥For & point &, with the axis 01 "0f the article being machined located
in the plans X--X which passes thrciigh the azig of rotatiom O and has the
point & (the cuttimg poimt of the cutter), the position of the cutting edge of
the tool (at am amgle Tto the plane X--X) will be the same as shova by Figure 3a,
since for aay givem poimt the radius of ths profile curvaturs iies in the
plens X--X. :

For a positiom correapomdimg to & >otation of the part to amy angle &, the
positiom of the cutter, while keepimg the crtting amgle unchanged, is shown
by the detted lines in Figure 3b. To plet this positicm 1t is obvicusly
nocassary that the lime X--X from the center of 0, should be intersected at
tho poinmt bl by the radius R 4 A, where R is the radius of the article belxrg
Tinlshed and A is the left wm of the cutter holder, 1.e., the dietance from
its rocking point to the cutting tip. Points 0'l and by are joined by a
straight line. The point ay where th.s straight line intersects the dotted Lo :
circle with a point curvaturs equal tc radius R from the center 0!y deter- SR e
mines the position of the cutter tip for a given angle of rotatiom. S L AR

A8 may be seen from Figure 3b, the cutter occupies the pciition determined,
maintaining a constant angle with the radiue of curvature of the rofils st
this point, i.e., the cutting angle.

During & completo revclution of the blank, the center O, of ths rotating
body desoribes a circle of radins r equal to the eccentrici%y (the distance
Olc), and the roint b (the aris of the oscillating cutter holder) exscuten a
back-and-forth motiom along the straight iine X--X with an amplitude equal
to 2¥', and is displaced at any positiom by a constant amount R+ A from the
cenier of the rotating body, i.e., aubject to the same law of motion as a
piston in a crank drive.

Moraover, the defloction angles of the oscillating cutter holder will
be such that the cutting angle of the cuti.c fastened to it will be kept
constant for all positiome of the part being machined.

Hemce, it rollows that if the oscillating cutter holder is jolned with
the axis of the rotating body by a rigid link (guids rod) of length '
L - R+A and the same axis 0' is Joimed with the axis of rotation O by the
crankshaft, the lemgth cf which is equal to the eccentricity C0; - r, then
this system, for any angle of turm during the rotation of the crankshaft,
vili determime the positioms both of the cuttor holder and the rest and y
consequemtly, will determime the trajectory of ths cutter duringtthe turn-
ing of the eccemtric with the axis of rotation O.

Nov let ue examire what happems to the contour of the cam which is
formed by the linked arcs of circles described from differemt cenmters during
the tracing of the cam, ¢.g., 1n Figure L, the contour takes the following
shape: in the section 8} - a,, a rotating body with an axis coinciding with
the axis of rotation 0; in tﬁe Bection from a; to a,, a rotating body with a
radius B, and axis O,, which does not coincide with the axis of rotation O
(see Pigire 3b); in the section a5 - a,, a rctating body with a radius Ry .
“and unx'lu“Oe, also'not.cbinciﬂiﬁe"vith‘a‘ and peparated from 5t by a distanée
r'L. The sectimn a, - a) 1is analogous to section a, - a., Therefore, the
machbined contour of tkis cam is camposed of the circular®section ay - & and
the three eccentric sestions (relative to the axis of rotation O) a; - A, 8-

a3, ax - ay.

By using, for these sections, & systei. of @uide rods end crankshafts of
carresponding sizes, it would be posasible to force the rest and tool holder
system to take such positions in a plane perpendicular to the axis of rotation
of the parts that the cutter point would circumscribe the given profile. Fig-
ures 5 and 6 shov the instantaneoua positions of the cutter holder when the
cutter is at points =) and a, of the profile (Pigure 4). A dimgram under each
11lustration gives the dimensions of the guide rods and crankshafts.
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Flgure 7 shovs & model built to give a graphic 1llustraticn of theae
sonclusions. The aodel 18 composed of three disks comnected by gear drives
witk a gear ratio of 1 : 1. %he cosrdimatss o ths disk centers ars assumad
to be sgqual to the coordinates of the axes of ths spindle and the twvo mawter
shatfts im the machine. The remt, rollers and oscillating cutter holder are
shown schematically on the same scale as the corresponding parts of the
machine. The directicms io which the disks rotate, indicated in Figure 7 by
arrows, coinsi@e vitz tne directions in whidch corresponding parts of the
machine rotate. )

Guide rod IV, a comtimuation of the cutter holder, wes made of Plexi-
glas with holee berad in it in a atraight line passing through the axis
of rotation of ths holder and the cutter tip ai diastances correaponding
to the radii forming the cam profile of the part, caleulating from the
cutter tip. The profile «f tle cam to be machined wes drawn upen disk ITI
with an axis of rotation coineiding with the exis of the epindls, and holes
of the same dimensions as those in the guide rod were made at the csnters of
survature of the arges forming the prcrils. .

Figure 7 shows the position of the mschanism when the gulde rod ia
connected with disk III by a pin passing through the hole in the guide
rod at a distanocs Ry from the cutter tip aud the hols in the disk which
is the cemter of thé arc of the profile desoribed by the radius R, {arc
&y - 8y in Figurs 4). During rotation of disk IIT the tip cutter modsl
will sove along the required arc, snd the rest (slide bary and cutter
holder system will acquire the deaired motion as specified above. 'The
intermediate positions of the rollers, iraced om disks I and II, will give
the required profiles for the master cams in the form of curve envelopes
comprising two sets of circles.

At point 5 of the cam profile an arc with a radius R, passes through
an arc vith a radius R, which at this point has & common”tangent wvith it.
Thereforo, at this point it is necessary to change the lengths of the
crankshaft and comnesting rod (see Figure L4). In the molel, this moment
is itself determined by the colncidence of the hole in the guide rod,
at a distance R, from the outter tip, with the hole correspomnding to the
centar of an arc of radius Rh on disk ITII. If in thie position the guide
rod is comnected with the disk by a secamd pin, passed through these holes
which are coaxial at the given moment, and the first pin 1s removed, themn
o further retatimn of disk III the cutter tip will describe an outline of
the top of the cam, and the saddle and cutter holder aystem will pass through
corriesponding intermsdiate positions. Ry changing, in this manner, the posi-
tion of the pims in the holes of disk III and in the guide rod and by tracing
the positions of the rollers on disks I and II, it im poasible to get the
whole comtour of both cams.

The cam profile shown in the above illustration poasessss a certain
peouliarity at point 3: this profile does not pass smoothly from arc R
to arc R, (Pignre 8) but instead breaim off. Let us examime twvo posit?ou
of the cutter at this point: first, at the moment of arrival of the cutter
along an are of radius R'z at the break point, and, secand, at the moment
of leaving that point with am arc of radius R,.

Passing elong the arc of radius R'; to the break voint, the cutter
will oceupy position I, keeping its catting angle 7 constant (the angle
formed by tae direction of 1ts outting edge with a straight line passing
through the senter of curvature of ths givca comtour mection). At the moment
of leaving this samé break point while starting on its path along an &c

of radius R's, if 1t is 10 keep the cutting angle constant, the cutter mst
take positicn II. Therefore, to keep this angle constant in passing through
this point, the ocutter must rotate through an angle arocund its tip. There
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are no yractical difficulties in meking this twrn. At this point holes were
rude in the guide rod snd disk IIT through which these two parts of the mudel
were somnested. .

The break point of the profile cau be camsidered ax arc of radius zero.
The rotation of disk IIT continues as long ss the hole in the guide rod located
at a distence squal to Ry from the tip of the cutter doos not coincide witk

the hole in the disk correspondimg to the cemter of the mxrs R',. The rest
sud cutter holder sye.em, meanwhils, will also cosmlste a certsin movement,
and the succeseive positions of the rollers traced om disks I and IT will
give the correspomding comtour sestions of the master cama.

Trom those statements 1t 1s obvious that:
1. To samufscture cotplex mestcr camg it ie mot necessary tc plot ithem ont
2. Production of such ¢ams in wetal can be mechanlized.

In some cases tae master cams, I and II, obtsined by the above metkod,
somewhat distort the part's somtour at the transition points from the side
vadil to the radius at the tip of the osnm when thiw radine 1s smsll. In
such csges, the oontonr of the mester cem II is obtained from the break
points clearly shown at these places (Figure 9): +the comtour curve in
secticn A has & stesp pitch and a sharp transition in its drop toward aecticn
B. As the roller is not a point tut has definite dimensicns the tip 1s flai-
tened samevhat.

In its course alang section A, the center of the roller, at the positiom
of the latter ccrresponding to the break point of the profile, must be located
at point 0 and must rest upon secticm A at point a. But this point does not
oxist since it 1s out off Dy the roller movement along sectiom B; in practice,
the roller on approsching the junotion point of arcs A and B begins to roll
across this point, and the center of the roller will not reach the theorstical
point O by a ceriain distemow X {(Figure 9). This proiuces a less anguiar
rise in the outter tip, and its premature transition during a certain angle
of rotation of the part being machined causes distortions in this contour
section of the part. Although this distortiom occurs in a very emmll sectim
and 1s insimmificent in smount, it is desirable, nsvertheleas, toc eliminate
it.

Thecretioslly this cen be dome cnly by decreasing the diamster to zero;
but even if this were posaidle (in practice, of courss, it can only be
approximated), it would be necessary to substitute slide fristion for
volling fristion, with a sharp edge on the oontour of the cam, thereby
causing it to wear omut rapidly. Im practice it hes proved possivle to
oampemsate for such an error in yprofile II by carrecting the correspomding
part of profile I.

The production of the first pair of standards showed. ali the advantages
of this method. The working cams did not need any finishing and produced
the given profile accurately. This method makes it possible not anly to
Teduce greatly i period of mamufacture for the machin~e but eiso to produce,
for previcusly manufactured machines, sets of came vhich cariespomd to nevw
profiles for the parts.

The former difficuvlties in producing standards have ccmpletsly disappeared,
since thero 1s no need for plotting or gauge finishing.
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Somo samples of similar xachines have alrsady been built for varioms typei
af. duplicating lathes. :

A mach’ne vill soon be produced for profiling cams for antoamtic mmchines,
buliit on an anslogous prinoiple of mschanization of the motion of 8 grinding
whesl on the prineiple statad, as well s s mechine far profiling a master
cam vith 8 closed compley curve for a profiling mechine Useld for mmohining
groovas in plige (pips) mille.

[Aypentied £igures Lollow/
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